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OPAQUE LOW RESISTIVITY SILICON CARBIDE 

Background of the Invention 
The pmsen, invention is dimced ,c an opaque, low resistivity sllico „ carbjde Mok 
specifically .hepmsen. invention is direced t „ an „ paque , low resisti v ity siLeon carbide u,a. is 
opaque wutun a specific wavelength of light. 

Silicon carbide, especiaily siiicon eathide produced hy chenucal vapor deposition (CVD- 
S,C), has un.que propel te make „ . ^ ^ ^ ^ 

Chem,cal vapor deposition presses for producing fiee-standing silicon carhide arfi Z 
a maction of vaporized or gaseous chemical ptecursors in the vicinity of a suhstrare to tesul, in 
sdtcon carh.de depositing on the substrate. The deposifion reaction is continued until the deposit 
teaches the desire, Uaickneas. To be free standing, the aificon carbide is deposited to a , ,c nT 
of about 0. 1 mm. Thc deposl( „ , he „ „ ^ subarate m a faM J-« 

atttcle that may or may no. be further processed by shaping, machining, or polishing and Ute L 
to prov.de a final silicon carbide article. 

>n a chemica, vapor deposifion s.licon carbide production nt», a silicon carb.de precursor gas 
«b as a mnrtme of methyhrichlorosilane (MTS), hydrogen and argon, is fed to a deposition ' 
c amber where the mizhne is heated to a tentperantre a, which the nuxtute reaets to produce 
atbcon carbide. Hydrogen scavenges chlorine that is released front the MTS when the MTS 
d,ssoc,a,es dunng the reacfion. An ine „, „ on . reactlve gas suc „ „ q[ ^ 

zt g : (a ,i,uid at room '™ m toen — - - - » — • 

flow rate can be vaned to opfintize the reaction and assures rental of by products front the 
—deposition 20ne . The silicon cath.de deposit as a layer or shell on a solid mandrel 
proved in me deposifion chamber. After the desired thickness of sificon carbide is deposited 
on the mandrel, me coated mandrel is removed from the deposition chamber and the deposit 
separated therefrom. The monolithic fiee-standing article may men be machined ,o a desired 
shape. Several CVD-SiC depos.tion systems are described in U.S. Pa.. No, 5 07. 596- 
5,354,580; and 5,374,412. ' 

Pure CVD-SiC has m.atively high electrical tesistivity. Whfle this is a desirable characteristic 
for certam applications, such a characteristic is a limitation restricting its use in o.her 
applications. Certain components, such as plasma screens, focus rings and edge nags used in 
Plasma cchmg chambers need .„ be electiicauy conductive as we,, as possess high .empemmre 
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stability. While high temperature properties of CVD-SiC have made i, a material of choice for 
use in such chambers, its high resistivity has limiied its use in fabncaring components iha, 
require a greater degree of electrical conductivity. 

High electrical resistivity of CVD-SiC has further restricted its use in applications that are 
subject to the buildup of static electricity. The need to ground components used in such 
apphcations requires that they possess greater electrical conductivtty man is ge„ era ,,y found in 
CVD-S.C. A !ow resistivity silicon carbide would provide a unique and useful combination of 
hrgh temperamre properties with suitable electrical conductivity properties for use in applications 
where grounding is required. 

US. patent application serial number 09/790,442, filed 02/21/01, (non-provisional of 
provtsionaily filed U.S. apphcation 60/1 84,766, filed 02/24/00), assigned to the assignee of the 
present application discloses a chemical vapor deposited low resistivity silicon carbide (CVD- 
LRSiC) and method of making the same. Electrtcal resistivity of the silicon carbide is 09 ohnt- 
cmor less. In contrast, the electrical resistivity of relatively pure silicon carbide, prior to the 
CVD-LRStC of the application 09/790,442, is in excess of 1000 ohm-cm. The method of 
preparing the CVD-LRSiC employs many of the same components as the CVD method* 
dtsclosed above except that nitrogen is also employed. The lower resistivity of the siIicon 
carb.de is believed to be attributable to a controlled amount of „ itrogM Urroushotrt the silicon 
carb.de as i, is deposited by CVD. The nitrogen „ incoIporated jn ^ ^ by p 
controlled amount of nitrogen with the precursor gas i„ me gaseous mixture that is fed to the 
react-on zone adjacent a substrate. The reaction „ ^ out ln an ^ gas ^ 
the sthcon carbide precursor reacts to form the silicon cattide deposit, „ itrog e„ from the gaseous 
mtxture ,s mcotporated into the deposit. The CVD-LRSiC contains at leas. 6.3x 10" atoms of 
nitrogen per cubic centimeter of CVD-LRSiC. 

While the resistivity of CVD-StC can theoretically be lowered to a desired level by the 
mtroduction of a sufficient amount of tmpurities, the resulting elevated levels of impurities 
advercely affect other properties ofthe StCsuch a, thermal conductivity and/or high tetnperature 
saabtltty. The CVD-LRSiC is relatively free of impurities, containing less than lOppmw of 
•mpunty trace element as determined by gas discharge mass spectroscopy. The CVD-LRSiC is 
farther characterized by thermal conductivity of a, leas, 195 Watts/meter degree Kelvin (W/mK) 
and a flexural strength of at least 390 MPa. 
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The CVD-LRSiC is electrically conductive and possesses high tempetatute stability in 
addmon to being a high purity SiC. Thus, the free standing CVD-LRSiC may be madily 
employed in high temperatum mmaces such as semiconductor processing furnaces and plasma 
etching apparatus. The CVD-LRSiC may be sold as a bulk materia, or may be former processed 
by shaptng, machining, polishing and the like to provide a more finished free-standing article 
For example, the CVD-LRSiC may be machined into plasma semens, focna rings and susceptots 
or edge nngs for semiconductor wafer processing and other types of high temperature 
processmg ehamber furniture as well as other articles where CVD-LRSiC material is highlv 
desirable. 

In the manufacture of semi-conductor wafers, there are numerous process steps One se, of 
steps is referred to as epitaxial deposition, and generally consists of depositing a thin layer 
(between about 10 to less than one micron) of epitaxial silicon upon the wafer. This is achieved 
usmg specialized equipment such as SiC wafer boats or SiC susceptors or edge rings to seenre 
the sem«o„duc,or wafers in processing chambers, and a chemica! vapor deposition (CVD) 

process. The CVD process requires that the wafer be heated to very high temperatures, on me 

order of 1200° C (2000° F). 

There has been a tecent trend in the semi-condnctor art to employ equipment mat operates 

upon a single wafer, tamer than a group of wafer,, In single wafer equipment the heating of the 

wafer to the CVD temperature is g reatly m!akaM such m ^ ^ h ^ ^ ^ 

room temperature to an elevated temperature within abou, 30 seconds. Such processing is 
known as rap.d thermal processing or RTF. RTF includes depositing various thin films of 
Afferent materials by an RTP-CVD process, rapid annealing of wafers (RTF thermal processing) 
and rapid oxidation to form silicon dioxide. White the silicon wafer can accept such rapid 
temperature change well, me wafer must be held ,„ position by a suseeptor or edge ring tha, can 
also wtthstand such rapid temperature changes. Susoeptor or edge rings composed of CVD-SiC 
or CVD-LRSiC have proved very suitable for withstanding RTP conditions. 

Many RTP systems employ high intensity W-halogen lamps ,o hea. semi-conductor wafers 
Pyrometer are used ,o measure and to control wafer temperature by controlling the output of the 
W-halogen lamps. Accurate and repeatable temperature measurements for wafers over a wide 
range of values are imperative to provide quality wafers tha, meet the requirements for integrated 
etront manufacturing. Accurate temperamre measurement mquires accurate radiometric 


Docket No. 51163 


measurement of wafer radiation. Background radiation ta, W-haioge„ lamps (fflantem 

T"" ° f ^ 2W Q W ft0ra — - — = ,o an erroneous .emperarure 
measurement by the pyrometer especially at low temperatures (about «0> C, where Che radian, 
emission from the wafer is very ,ow compare, ,o me lamp outpn, Also, any Ugh, from the W- 
halogen lamps mat passes ^ a ^ ^ ^ ^ ^ ^ 

temperature reading by the pyrometer. 

The industry has addressed the temperature problems by designing the RTP chamber with 
stngle stded heatmg and mounting the pyromaers on the chamber bonom opposite the light 
source. To further reduce light interference, the area under the wafer was made "Ugh. tight" 
thus ehminating stray reflected Ugh. from entering the area under me wafer, m addition to ' 
tedesigning the RTP chamber, CVD-SiC or CVD-LRSiC edge rings and snsceptors were made 
opaque ,„ W-halogen lamp Ugh, in the wavelengd, range tha, pyrome,ers opera,e by coadng ,he 
nags wim 200 pm (0.008 inches, of poly-s.licon. However, coadng edge rings with po.y-siHcon 
adds subsuntial cos, ,o me edge nags. Further, me coadng process (epuaxia, silicon growm, has 
many .echnical problems associa,ed with i, such as dendridc growrh, bread loaftng around edges 
and puri,y problems ,ha, reduce yields. Poly-silicon coadng adds thermal mass ,o ,he edge rings 
The .ncreased thermal mass limits hearing ramp ra.es during RTP processing cycles Ideally 
edge rings have a thermal mass ma, is as ,ow as possible ,o achieve me fasles, bearing ramp ' 
ta.es. The fas,er ,he ramp rate me shorter me processing cycle ttme for wafers, mus rcdncing 
wafer processing cos,s. Anomer advanuge ,o fas,er ramp ra ,es is ,ha, me ,o,a, i„,egra,ed ,ime a, 
hrgh .emperamre for me wafers is reduced allowing for less diffusion of any dopan, species 
employed daring processing. Such is highly desirable as me feamre sizes decrease for semi- 
conducmr devices friend in me semi-co„duc,or industry). Aa me feamre size gets smaller me 
distance traveled by dopant atoms also gels smaller. 

According, although mere are highly suUable CVD-LRSiC articles ma, may be employed in 
sem,-conduc,or wafer processing chambers, mere is sdll a need for improved CVD-LRSiC 
articles that are opaque at certain wavelengths. 

Summary o f die Invention 
The presen, invetdion is diieded ,o free siding, opaque low resisrivily silicon carbide ,ha, 
has aresis.ivi.yof less man 0.,0ohm-cm, and a process for making the opaque low resistivity 
silicon carb.de. The opaque low resisdvi.y silicon carbide is opaque ,o Ugh, ,„ a wavelengm 
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range of from about 0.! pnuoabou, 1.0 pm a, a tempemrure of a,leas t abou,250° C Because 
the tow resistivity siiicor, earbide (LRSiC) is opaque ar wavelengms of Ugh. from abou, 0 , pm 
•o about 1.0 pm, the low resistivity silieou carbide advamageously may be employed as furuitu. 
,n sem,.onductor processing cumbers where accurare maimenance of semi-conductor wafer 
temperatures are desired. Since me low resisriviry s.licon carbide is opaque a, wavelengms o, 
hgh, from about 0. 1 pm ,o abou, 1.0 pm, Hgh, from heating ,amps emptoyed in wafer processing 
chambers does no, pass ihrough ,he low resisrivi „ siUcon carbide, rhus allowing a more accurare 
readmg of wafer temperature, Accordingly, defects in wafers caused by improper temperatures 
are reduced or eliminated. 

Farmer, because me low resistivity silicon carbide need no. be coared with poly-silicon to 
prov.de me appropriate opaqueness, such problems as dendriric grow*, bread toafing and me 
•ugh cost of coating are elimi„a,ed. Also, ,he problem of adding thermal mass to silicon carbide 
articles ,s eliminated. Thus, faster heating ramp rates for rapid merma, processing are achieved 
w,.h articles prepared from me low resistivity silicon carbide of the presen, invention. The faster 
heating ramp rates in ton, provide for reduced local integmmd time a. high temperacures for 
wafers and reduced diffusion of dopant during processing. 

The o paque , low resistivity si „ con carbWe of presem . nvCTtjOT . s ^ 

vapor deposition. H.gh concensus of nirrogen are employed in me CVD process. Reacts 
are mrxed logerher with rhe high concentrations of nirrogen in a CVD chamber, and the silicon 
carb.de product is deposited on a subsume such as a mandrel. The CVD deposired silicon carbide 
when exposed ,o a .emperamre of a. leas. 250" C is opaque a. Ugh. wavelengms of from abou. 
0.1 pm to abou, 1 .0 pm. In addition to having tow resistivity and to being opaque to Hgh, a, 
waveiengrhs of from abou, Oil pm to abou, 1 .0 pm, me silicon carbide is s,able a. high 
■emperamres, has a high merma, conductivity and is of a high purity. The opaque, low resistivity 
smcon carbide may he removed from me mandrel and retained in bulk form or may be shaped 
mach.ned and polished to provide a final article. 

A primary objective of me presen, invention is toprovide for a free sending, tow resistivity 
silicon carbide. 

Anomer objective of me present invention i s to provide for a free stiurding, ,„w res,stivi,y 
Simon carbide .ha, is opaque .o Ugh, a, wavelengths of from abou, 0. 1 pm ,o abou. 1 .0 pm. 
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A tater objective „ f th e presenI InV£nuon „ ,„ ^ , ^ 
resistivity silicon carbide. S ' 

An addidona, objective of the pre*„, invention is ,„ provide a free slandi „ g> , w 
silicon carbide that has a high purity. resistivity 

^objectives and advantages of the present invention may be ascertained by a person of 
sKriltn the art after reading.be fonowing disclosum and me appended claims. 

Brief Description of fh^ nn^n,; 

tesS;:::~ ofacVD — 

Hgure 2B is a cross-section of an edge ring composed of CVD deposited opaque low 
resistivity silicon carbide. 4 

^tailed^ejcrirjri^n_o^^ 
Chemical vapor deposited (CVD) silicon carbide of the present invention has ,o„ electrical 

ahou. , .0 urn a, a temperatore of a, leas, abont 250- C. Snch silicon carbide is btifc „ r free- 
sta-idmg, he capable of being se,f-supp„„ed. Bu, k or ftee-standing silicon carbide is 

*» thin mm silicon carbide which m deposited npon a surface with me intent 
ha, the sthcon carbide remain permanently bonded to the snrface. BuUt or free-standing sili „ 
-bide can be machined and polished to a desned si Z e and shap, Snch silicon carbide ma be 
emplo ed as future in processing chamber for chemical vapor deposition (CVD), rapid 
thermal processing (RTP), epitaxial deposition and the like, h, addition to having a low 
~y and being opaque to light a, wavelengths of from abou, 0. 1 jam to about 1.0 urn the 
opaou Cow resistivity silicon carbide has a high thertna, conductivity> hjg( , ^ ^ 
and ,gh thecal stability. Tfte „ paq „e, ,ow reslst M,y sihcon carbide is mlatively free of 
me -al c impurities containing less than about 5 ppmw of imp uri t y .race Cements snch as boron 
porous and the Uke as derermine by gas discharge mass spectroscopy. A dd it io„ally, me ' 
OP que, low resistivfty silicon carbide has reduce, thenna, mass. A„ numencm ranges I 
inclusive and combinable in the present application. 
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The opaque , , ow resistivi[y sjljcon carbjde , s prepared ^ ^ ^ ^ 
prov,de an „ paq ue, low resisrivny sihcon carbide, high concents of nitrogen are 

- carh.de by providing a high annexation nitrogen atmosphem for the sihcon caabide 
rectors to reacr. Nitrogen atmosphere means .hat no inert, .native gases such . ^ 

The a sphere composes grearer ,haa 32% by voiume of „ ilr oge n , p r e ferab ,y a. ,eas, abou, ' 
40% y vo,ume of ninogen. Preferabiy d,e atmosphere composes Trom about 45% t o about 50% 
^"; ,,te|tl ^ — * - sphere is composed of hydrogen gas and 
,hcon cart.de precursors as weU as water vapor. Nitrogen is incorporated into s,tic „ caab.de in 
^^^^^^^^ ^« 
oob.c ce„„me.er of silic0 „ carblde . Whj , e „„, ^ ^ ^ ■» P- 

aa a opan , .ha, reduces band gaps in *. siiicon caabide ■„ rednce resisdviry. Nitrogen raay " 
employed ,„ any suitable fom] such M ^ ^ ^ > 

— groups such as -NH 2 , compounds of -N(H V and quaternary amines, NO, salts in 
aqueous for,, halogen containmg nitrogen compounds> a „ d fc ^ ^ 
nitrogen compounds include NF 3 and NH . 

Silicon carb.de precursor is seieced from materials tha, can be reacied .o fonn siiicon 

Such ma,e„a,s include a component, such as a silane or a chioros.iane, wh.ch can .act 

liir The' 00 " m0 ' e ' y 3 COmP °° enl S " Ch M a *at can reace to fonn a carbon 

mo ,y. The conaponen. co„ t ribu t i„ g tine siiicon m„,e. y can be differen, from, or can be the same 
«. componen, concrihndng d,e carbon moiety Hydrocarbon substituted silanes are prefer 
s.hcn„ carh.de precursors because ,hey contain boib ,he siiicon carbide moieties in a 
compound. The precursor^, can be a compound which dissoca.es a. me .action conditions 
fomung one nr boch of the silicon carbide moieties, or me pnecmsota can be two or mors 
compounds which reacr ,o provide one or bom of me mo,eties. While dre p.curso.s, needs t0 
he m me gas phase when macted in me vicinity of me subsume, , , s not necessary ,„ at ^ 
precursor, boi u„g po int ta less ^ ^ ^^.^ 

prefened precursor, espeeiaiiy when used widr hydrogen which s 

r 0 f r.T 8 dissociaies ' since mts pr ° v,des b ° ,h si,icon - — * ~ 

-oof abou. U.no othcr Murce of sUic0 „ ^ ^ ^ ^ ^ 
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ratio ranges from about 2 to about 10, preferably from about 4 to about 7. Hydrogen partial 
pressure ranges from about 75 torr to about 100 torr, preferably from about 85 torr to about 95 
torr. MTS partial pressure ranges from about 10 torr to about 25 torr, preferably from about 15 
torr to about 20 torr. 

Nitrogen may be provided in any suitable form as long as the form is sufficiently volatile or 
may be made sufficiently volatile to form a gas. Nitrogen partial pressures range from about 80 
torr to about 1 10 torr, preferably from about 90 torr to about 105 torr. No inert, non-reactive 
gases such as argon, helium orother noble gas is employed in preparing the opaque, low 
resisitivity silicon carbide. 

Deposition chamber pressures range from about 100 torr to about 300 torr, preferably from 
about 150 torr to about 250 torr. Deposition chamber temperatures range from about 1250° C to 
about 1400° C, preferably from about 1300° C to about 1375° C. 

Deposition substrates may be composed of any suitable material that can withstand the harsh 
conditions of the deposition chambers. An example of a suitable substrate or mandrel for 
depositing silicon carbide is graphite. Graphite mandrels as well as other types of mandrels may 
be coated with a release agent such that deposited silicon carbide may be readily removed from 
the mandrel after deposition. Silicon carbide deposits may be removed from mandrels by 
controlled oxidation (controlled combustion) . 

An example of a chemical vapor deposition system for producing opaque, low resistivity 
silicon carbide articles of the present invention is illustrated in Figure 1. Deposition is carried 
out within furnace 10. A stainless steel wall provides a cylindrical deposition chamber 12 
Heating is provided by a graphite heating element 14 which is connected to an external power 
supply by an electrode 16. Graphite deposition mandrels are arranged within a graphite isolation 
tube 20 and gas is introduced by means of an injector 22 through the upper end of the isolation 
tube so that the reaction gases sweep along mandrels 18. One or more baffle(s) 24 is used to 
control the aerodynamics of gas flow through furnace 10. 

Line 26, which supplies injector 22, is fed by a nitrogen cylinder 28, a hydrogen cylinder 30 
and a MTS bubbler 32. Nitrogen is fed by lines 34 and 36 both directly to inlet line 26 and 
through bubbler 32. The hydrogen cylinder 30 is connected by line 38 to the inlet line 26 
Nitrogen flow through lines 32 and 36 and hydrogen flow through line 38 are controlled by mass 
flow controllers 40, 42, and 44. The MTS bubbler 32 is maintained at a constant temperature by 
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a constant temperature bath 46. A pressure gauge 48 is connected to a feed back loop that 
controls the gas pressure of bubbler 32. 

Outlet line 50 is connected to a bottom outlet port 51. Pressure within the deposition chamber 
12 is controlled by a vacuum pump 52 which pulls gases through the chamber and a furnace 
pressure control valve 54 operably connected to the vacuum pump. Temperature and pressure 
within deposition chamber 12 are measured by thermal probe 58 and pressure indicator 56 
Exhaust gases are passed through filter 60 to remove particulate material upstream of the 
pressure control valve and through a scrubber 62 downstream of the vacuum pump to remove 
HCL 

After deposition the bulk or free-standing low resistivity silicon carbide may be sold in bulk 
form or further processed by shaping, machining, polishing and the like to fonn a desired article 
Further processing involves numerous methods that are well known in the art for free-standing 
silicon carbide. Such methods often involve diamond polishing and machining. An example of 
an article made from the low resistivity silicon carbide is a susceptor or edge ring employed to 
hold or secure semi-conductor wafers for processing in furnaces or other suitable chambers 

Advantageously, when the free-standing low resistivity silicon carbide is exposed to a 
temperature of at least about 250° C the silicon carbide becomes opaque at light wavelengths of 
from about 0.1 m to about 1.0 m , preferably from about 0.7 urn to about 0.95 um. Low 
resistivity silicon carbide may remain opaque to light at wavelengths of from about 0. 1 um to 
about 1.0 um to temperatures of up to about 1450°C. At such wavelengths, silicon carbide 
articles do not transmit light and are highly suitable for furniture in semi-conductor processing 
chambers. Such chambers include, but are not limited to, RTF processing chambers where 
pyrometers that operate at wavelengths of about 0.7 p.m to about 0.95 um monitor semi- 
conductor wafer temperatures. Such RTF chambers may operate at temperatures of from about 
300° C to about 1250° C. Opaque low resistivity silicon carbide of the present invention remains 
opaque to light at wavelengths of from about 0.1 um to about 1.0 ^m at such temperatures. 
Since the opaque, low resistivity silicon carbide does not transmit light at wavelengths where 
pyrometers operate, temperature readings of semi-conductor wafers are more accurate when 
processed on furniture composed of the silicon carbide of the present invention: Thus, fewer 
defects occur in processed wafers and cost efficiency is improved. 
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Smce the opaque low resistivity silicon carbide is opaque to light wavelengths at which a 
pyrometer operates, susceptors or edge rings employed in RTP need not be coated with poly- 
silicon. Accordingly, articles composed of silicon carbide within the scope of the present 
invention eliminate the problems of epitaxial silicon growth such as dendritic growth bread 
loafing and any impurities that may occur during the poly-silicon coating process Such 
impurities may lead to contamination of semi-conductor wafers during RTP. Elimination of the 
poly-sihcon coating process also reduces over-all coat of making silicon carbide articles as well 
as processing semi-conductor wafers. 

Additionally, elimination of unnecessary coatings on edge rings reduces the therma, mass of 
the edge nng and further improves the RTP in semi-conductor wafer manufacturing Reduced 
thermal mass permits faster ramp rates in RTP, thus reducing semi-conductor processing cycle 
time, and reducing wafer processing costs. Further, as ramp rates increase the total integrated 
time at h lg h temperature for wafers is reduced allowing for less diffusion of any dopant species 
in the RTP. Reduced diffusion of dopant species into semiconductor wafers in turn permits 
features on the wafers to be decreased (an industry goal). 

Low electrical resistivity of the silicon carbide of the present invention is also desirable for 
radio frequency (RF) heated susceptors to couple the RF field to the susceptor and for 
components in the plasma etch chamber to couple the plasma energy to the component In 
addition, due to low resistivity the wafer holders can be grounded and do not build a static charge 
on them. Articles made from the low resistivity silicon carbide include, but are not limited to 
edge rmgs or susceptor rings, wafer boats, epi susceptors, and plasma etch components such as 
gas diffusion plates, focused rings, plasma screens and plasma chamber walls, and the like 
Because the Silicon carbide of the present invention has a low resistivity, the silicon carbide may 
be employed as components in electrical devices such as electrodes and heating elements 
Chemically vapor deposited low electrical resistivity silicon carbide prepared by the method of 
the present invention may have an electrical resistivity of less than 0.50 ohm-cm. Preferred 
silicon carbide prepared by the method of the present invention has an electrical resistivity of 
less than 0.10 ohm-cm, and most preferred silicon carbide has an electrical resistivity of from 
about 0.005 ohm-cm to about 0.05 ohm-cm. 

Hgures 2A and 2B show an edge ring machined and polished from a single pieee of opaque 
low reststivity silicon carbide within the scope of the present invention. Edge ring 100 has a ' 
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circular circumference composed of main ring component 102 with wafer holding flange 104 
continuous with main ring.component 102. Wafer holding flange 104 terminates at edge 106 to 
form void 108. Figure 2B is a cross-section of edge ring 100 along line A-A. Main ring 
component 102 terminates at an outer surface in support flange 110 that is continuous with main 
nng component 102. Main ring component 102 terminates at an inner surface with flange 112 
which is continuous with wafer holding flange 104, thus securing wafer holding flange 104 to 
main ring component 102. 

Although Figures 2A and 2B show an edge ring as a circular article, any suitable shape may 
be employed. A circular edge ring is illustrated in Figures 2A and 2B because many semi- 
conductor wafers are in a circular shape. Size and thickness of the edge ring may also vary 
considerable. However, the thinner the edge ring, the more suitable the ring is for processing 
semiconductor wafers. A thinner edge ring can heat up faster in wafer processing furnaces than 
a relatively thick edge ring, thus reducing the amount of processing time. Thickness of opaque 
low resistivity silicon carbide edge rings may range from about 0.1 mm to about 1.0 mm, 
preferably from about 0.25 mm to about 0.5 mm. 

The following examples are intended to further illustrate the present invention and are not 
intended to limit the scope of the invention. 

Example 1 

Free-standing opaque, low resistivity silicon carbide was prepared in an apparatus similar to 
the apparatus illustrated in Figure 1 . Deposition temperature in the CVD chamber was about 
1350° C and pressure was about 200 torr. Hydrogen partial pressure was about 90 torr, nitrogen 
partial pressure was about 93 torr (a nitrogen content of about 46.5% by volume of the CVD 
chamber), and MTS partial pressure was about 17 torr. No inert or noble gases were employed 
m the CVD process. Silicon carbide was deposited onto a graphite mandrel coated with a release 
agent. The deposition process was performed over about 48 hours. The process produced an 
edge ring that was opaque to light at a wavelength range of from about 0.7 m to about 0.95 m 
at temperatures of about 300° C and higher. 

A control free-standing silicon carbide bulk material was also prepared. The control free- 
standing silicon carbide was prepared by the same process as described above except that 
nitrogen was not employed. Instead, argon gas was used. The argon gas partial pressure was 
about 93 torr. Deposition was performed over about 48 hours. 
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After deposition, siiicoo carbide from each mandrel was removed and machined to form an 
edge nng strmlar in shape and dimensions as shown in Rgmes 2A and 2B. The bulk resistivity 
of the edge ring prepared using nitrogen instead of argon gas was measured on four witness 
sampies taken at four locations around the ring. The bulk resistivity ranged from abon, 0.009 
ohm-cm to about 0.015 ohm-cm. 

The bulk resistivity of the silicon carbide produced in the chamber containing argon gas 
ranged from about , .0 ohm-cm to about ,00 ohm™ from samples taken from four locations 
The edge nng prepared with argon gas in the chamber was coated with about a 200 ,1m of poly- 
sthcon by an epitaxial silicon growth process to make the ring opaque to light at wavelengths of 
from about 0.7 to about 0.95 tun at RTP temperatures. 

The low restsdvity edge ring was fabricated to a thickness to achieve the same thermal mass 
as the poly-silicon coated sihcon carbide ring. The control ring had a nominal thickness of about 
0.25 mm with about a 200 micron silicon coating. The low resistivity silicon carbide ring had a 
nonunal thickness of about 0.36 mm. This was done to obtain a head-,o-head comparison of the 
ring performance. 

Each edge ring was then employed in RTP to test their thermal performance in processing 
serm-conductor wafers. A semi-conductor silicon wafer was placed in each edge ring. The edge 
nngs with their semiconductor wafers were placed in an RTP Radiance® apparatus for 
processing. The temperature in the RTP apparatus was raised from about 20° C to about 1200° C 
over about 10 seconds. The heat source in the RTP apparatus was a high intensity W-halogen 
lamp (filament temperature about 2500° C). The temperature of each semi-conductor wafer 
monitored by an optical pyrometer (operating at a light wavelength of from about 0.7 um to 
about 0.95 m) . Temperature uniformity of each semi-conductor wafer was measured about the 
same and less than 1 0 degrees over the duration of processing. 

Although both edge rings were opaque to light at the wavelength of from about 0 7 ^m to 
about 0.95 urn and performed about the same, the edge ring coated with poly-silicon was more 
costly to prepare because of the additional coating step and material. Thus, even though both 
nngs performed well, the edge ring of the present invention was still an improvement over the 
coated edge ring because it was less costly to manufacture. 
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Examp le 2 

A standing opa q ue, si!icon carbide edge rfng having a ^ 

h, g h concent m(rogen atmosphere . ^ ,„ ^ , ^ «* • 

nng „ meaa Ure d a, four .ocanons an, ranged from abou, 0.009 t „ abou, 0.0,5 oJLJ ^ 

m,c k „ess was abou, 0,5 mm versus abou, 0,6 mm for the rige ring m ^ , ^ J 
was no pC, silicon co at i„ g . The Iow ^ silicon ^ edgc _ £ 

higher. u 

A silicon wafer was placed in the edge ring and the assembly was plaeed into an RTP 

Radiance® for similar thermal testing as in Examole l tw 

g as in example 1 . The temperature of the RTP chamber 

wen, fronton, 20- Co at™ ,200" C in anon, .Osecond, 

^ « «W- ,„ Ught a, a wave,e„ g ,h off™ anon, 0.7 pm ,o abou, 0.95 pm duri„ g 
proeassmg. The hea, source in .he RTP chamber was a W-hal og en iamp (fi^en, 
.empera,ure of abou, 2500° C, The ,e m p=,a,n re of the wafer was t»o„ itored by an optical 
pyrometer (opera t i ng a. a Ugh, wave,e„ gth of from abou, 0.7 pm ,o abou, 0 95 pm) 

Ten™ uniformity around me edges of <he wafer fluctuated on Che avera g e abou, 5 
cen,, g rade uegtecs. Thus, .emperamre unifornai,, was be„er man the coa ,ed and an 2 ' 

nn gS of Ex amp,e , . .so. ,ess iamp power (abou, 20 % ,ess,, a„ d merefore , onger J^J, 
needed achieve fc ^ ^ ^ ^ ^ I p£«, 

perform wel., wafer temperature umformny, high ramp ^ reduceQ ^ ^ 


